The performance of general practitioners (GPs) is frequently assessed without considering the factors causing variability among general medical practices (GMPs). Our cross-sectional national-based study was performed in Hungary to evaluate the influence of GMP characteristics on performance indicators. The relationship between patient's characteristics (age, gender, education) and GMP-specific parameters (practice size, vacancy of GP's position, settlement type, and county of GMP) and the quality of care was assessed by multilevel logistic regression models. The variations attributable to physicians were small (from 0.77% to 17.95%). The education of patients was associated with 10 performance indicators. Practicing in an urban settlement mostly increased the quality of care for hypertension and diabetes care related performance indicators, while the county was identified as one of the major determinants of variability among GPs' performance. Only a few indicators were affected by the vacancy and practice size. Thus, the observed variability in performance between GPs partially arose from demographic characteristics and education of patients, settlement type, and regional location of GMPs. Considering the real effect of these factors in evaluation would reflect better the personal performance of GPs.
Introduction
In many countries, primary healthcare (PHC) systems are performing poorly, causing limited effectiveness of the entire healthcare system [1] [2] [3] . To meet this challenge, there is a growing trend of applying results-based financing or incentives in PHC systems [4] .
The incentives involve the transfer of money or material goods from a funder to a recipient, which is conditional on the recipient taking a measurable action or achieving a predetermined performance target [5] . The evidence is mixed, related to the impact of performance monitoring in PHCs [6] [7] [8] [9] . The negative experiences might be explained by the application of indicators which reflects the influence of factors that cannot be controlled by the GP, instead of the personal performance of the physician [10] . Health care providers are often assessed by the variability in their obtained performance. In this case, the reliable performance indicators have to measure the PHC team's personal contribution, since the performance can be enhanced by the improvement of the personal contribution. Monitoring based on a set of reliable indicators, which are able to precisely measure the performance of providers, can improve the quality and efficiency of healthcare services and healthcare systems [11, 12] . Additionally, upgrading is also important, which ensures their effectiveness through continuous monitoring and refinements [11, 13, 14] .
A common organizational and operational unit of general practitioners is the general medical practice (GMP) which provides healthcare services to individuals and families in their communities.
The variation in quality of services and health care outcomes across GMPs is partially attributed to the GPs [15] [16] [17] . GP-independent non-clinical factors, such as patients' health behavior, psychosocial factors and social circumstances [7, 18] , health care organizations [16, 17] , or characteristics of patients (which are also various depending on the geographical location of GMPs) also have an impact on that [15, 19, 20] . GPs are expected to change those factors over which they have control. On the other hand, the performance monitoring system is expected to measure the GP's personal performance as specific as it is reasonably possible. Therefore, the evaluation of performance of individual healthcare providers would be more reliable by taking the different patient characteristics and organizational factors into consideration.
Most Central and Eastern European (CEE) countries, including Hungary, offer universal coverage of basic health care services. According to the Primary Health Care Activity Monitor for Europe (PHAMEU) and several studies focusing on the quality of primary care systems [1, 3] , the overall PHC system performs poorly in Hungary [3] , which justifies the application of financial incentives. Although the National Institute of Health Insurance Fund Management (NIHIFM) in Hungary uses process indicators in the assessment of the performance of GPs, the contribution of patients' and GMP's characteristics to the variability in indicators has not been assessed yet. Thus, the current evaluation ignores the effects of both socio-demographic and structural composition of GMPs, even though the essential variables are easily available from administrative databases of NIHIFM [21] .
The objective of this study was to analyze the variation in performance across GPs with respect to various characteristics of patients (age, gender, education) and GMPs (type of settlement, size of GMP, region of GMP, and vacancy) in an insurance-based health care system.
Materials and Methods
A cross-sectional study was performed in Hungary to evaluate the influence of GMP characteristics on PHC indicators. This study included all of the GMPs in Hungary that provide PHC for adults. The adult study population was registered in each GMP by gender and age groups of 18-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45- 
Setting
The healthcare system in Hungary is based on compulsory health insurance with full coverage. Primary care services are provided by general practitioners (GPs) working in solo practices; therefore, one GMP is operated by one GP whose availability is continuous (filled GP position). By contrast, in vacant GMPs the services are provided by temporary GP with availability restricted in time and place. The GPs are contracted with the NIHIFM, and they receive capitation payments directly from the NIHIFM. The delivery of healthcare services is based on territorial supply obligation, in which municipalities are responsible for providing primary care within their territory, and county governments are responsible for providing specialist healthcare. The 4845 GMPs (in 2015) responsible for adult care are predominantly operating with self-employed GPs organizing the provision on their own authority. There is no market based system with competition between providers; however, patients can choose and change their primary care provider without any restriction [22, 23] .
Primary Healthcare Indicators
A nationally integrated system of PHC indicators was established by the National Institute of Health Insurance Fund Management (NIHIFM) in Hungary in 2009 (completed with financial incentives in 2010). A set of PHC indicators was developed based on indicators from the Organisation for Economic Co-operation and Development, Healthcare Effectiveness Data and Information Set, and Quality and Outcomes Framework [21] . The legal basis for indicator-based performance assessment of GPs and the rules for evaluating doctors are found in a ministerial decree [24] . Under this rule, the IT network for monitoring was also established, and GPs accepted the monitoring of their performance. This system provides financial incentives for GPs who have reached the desired target values, as defined for regional groups (counties/capital) and the settlement type of GMPs. Approximately 1.7% of the total healthcare funding was dedicated to this purpose in 2010 [25] , and was increased gradually up to 4.5% in 2016 [26] . The health policy goals are reflected in defined target values of indicators, but only the most effective 25% of all GMPs meet the required levels [21] .The following twelve indicators are used to assess adult PHC by NIHIFM: (1) influenza immunization; (2) mammography screening; (3) proportion of patients who have hypertension among those aged 40-54 years; (4) proportion of patients who have hypertension among those aged 55-69 years; (5) serum creatinine measurement; (6) lipid measurement; (7) beta-blocker application; (8) HbA1c measurement; (9) eye examination; (10) management of chronic obstructive pulmonary disease (COPD); (11) referral rate to secondary care; and (12) antibiotic redemption. Details and definition of assessed process indicators are shown in Table 1 . To avoid the repeated counting of performance data, the care events are considered only in the patients' own general practitioner's evaluation. GMPs were categorized by the number of insured people registered with each GMP (as follows: <800, 801-1200, 1201-1600, 1601-2000, and >2000), types of settlement (rural or urban), and actual status of GMPs (filled or vacant GP position). The regional location of GMPs was described by counties (Baranya, Bács-Kiskun, Békés, Borsod-Abaúj-Zemplén, Csongrád, Fejér, Győr-Moson-Sopron, Hajdú-Bihar, Heves, Komárom-Esztergom, Nógrád, Pest, Somogy, Szabolcs-Szatmár-Bereg, Jász-Nagykun-Szolnok, Tolna, Vas, Veszprém, and Zala counties) and the capital city (Budapest).
The indicator was calculated using gender, age group ( , and residence specific data from 2011 Hungarian Census data, which were provided by the Hungarian Central Statistical Office. The summarized length of education was calculated for each place of residence (settlement). The expected number of school years was determined for adults in each settlement by the age and gender composition of the settlement, and the national reference values. The ratio of observed and expected values was used to express the relative education of adults living in their place of residence (settlement-specific relative education) compared with the national reference level. A weighted settlement-specific relative education variable was used by those GMPs, where care was provided for patients from more than one settlement [27] .
Statistical Analysis
Regarding binary outcome variables (whether the patients have received care or not) we used multilevel logistic regression models to assess the relationship between patient-and GMP-specific parameters and the performance indicators. The Hosmer-Lemeshow test was used to determine the goodness of fit of the model, which indicated that the model fit the data well. Because of the hierarchical structure of our data, accounting for the clustering of patients within practices was necessary.
Odds ratios (ORs) with the corresponding 95% confidence intervals (CIs) were estimated. The intraclass correlation coefficient (ICC) was presented, which shows the total variance explained by the GP as a grouping factor.
Statistical significance was considered p < 0.05. Statistical analyses were performed using STATA IC version 13.0 software (StataCorp LP., College Station, TX, USA).
Results

Characteristics of the Studied General Medical Practices
The total number of investigated GMPs that provided PHC for adults was 4845, and the number of registered clients above 18 years was 7,491,888. The proportions of male and female clients were 46.66% (N = 3,495,760) and 53.34% (N = 3,996,128), respectively.
The majority of GMPs was in urban areas (66.36%, N = 3215). Medium-size practices covered the majority of clients; 31.74% of GMPs (N = 1538) provided service for 1201-1600 patients and 29.8% of GMPs (N = 1444) for 1601-2000 patients. While approximately 20% of GMPs delivered services for more than 2000 patients, 19% of GMPs provided healthcare for a small population (<800 or 801-1200). Furthermore, 4.82% of GMPs were vacant during the study period, as shown in Table 2 . The proportion of patients receiving care varied between 12.58% (12.56%-12.61%) (referral rate to secondary care) and 77.69% (77.57%-77.81%) (HbA1c measurement) across PHC indicators, as presented in Table 3 . 
Impact of Potential Influential Factors
The variations attributable to physicians as a grouping factor for process indicators after adjusting for characteristics of patients and practices were small (ICC: from 0.77% to 17.95%). The hypertension care of 55-69-year-old patients (ICC = 0.77%) and 40-54-year-old patients (ICC = 0.86%) had the lowest coefficients. The ICC was lower than 10% for most indicators (beta-blocker application = 2.68%; eye examination = 3.27%; referral rate = 3.35%; serum creatinine measurement = 4.76%; management of COPD = 5%; screening mammography = 5.14%; lipid measurement = 5.35%; antibiotic redemption = 7.83%; HbA1c measurement = 9.16%). The lowest proportion of variation (82.05%) explained by patient factors was observed for influenza immunization (ICC = 17.95%) ( Tables 4 and 5) .
According to the results of multilevel analysis, the age and the gender of patients were significant influencing factors of all performance indicators, and the relative education of patients was associated with 10 indicators (excluding beta-blocker application and referral rate). 
Discussion
Main Findings
The observed variability in performance between GPs arose from demographic characteristics of patients, education of patients, and type of settlement and regional localization of GMPs, factors which are beyond the control of the physician. The proportion of total variability attributable to GP after adjusting for characteristics patient and general practice varied between 0.77% and 17.95% across the process indicators. Our findings are similar to those of other studies, which found that low percentage (<20%) of the variance is attributable to the physician for process measures after adjusting for different factors [28, 29] .
Our results underscored that patient characteristics are contributors to the variation in performance. Education, as a measurable indicator of socio-economic status, was found to be a determinant of the effectiveness of chronic care, including hypertension and diabetes. Such a link between effective hypertension care, diabetes control and the sociodemographic and socio-economic status of patients has been underlined by several papers [20, [30] [31] [32] .
The settlement type of the GMP was a significant determinant of most indicators in this study. As reported by other articles as well, differences between patterns of acute and preventive services could be observed in rural and urban residences [33, 34] .
Variations in healthcare services were also recognized in different regions of Hungary. These regions should receive extra attention in PHC management, as the fundamental objective of health policy is to reduce health inequities by minimizing unwarranted variations in healthcare services [35] .
The GMP size was found to be associated with several indicators (screening mammography, hypertension prevalence, and antibiotic redemption). The finding of a higher screening attendance rate with a larger size of GMP deviates from prior reports [36, 37] . The impact of chronic disease management on treatment adherence and patient outcomes remains controversial [37] [38] [39] , and our findings reassure that there is no optimal GMP size to achieve the best healthcare outcomes in general [37] [38] [39] [40] [41] .
Our results showed that the influence of GMPs' vacancy on PHC indicators was limited, but the increased rate of vacant GMPs was detected in the study period. A workforce crisis in PHC, as a direct consequence of the aging of GPs, has been observed in many OECD countries [1, 42] . Nevertheless, according to PHAMEU, the workforce planning capacity is weak in CEE countries [1] .
Although the patient's education, settlement type and regional location of GMP had a considerable effect for most indicators in the study period, the direction of observed effects was variable. Educational level was positively associated with preventive services for chronic diseases (hypertension, diabetes, COPD), influenza immunization and mammography screening. The relationship between the level of education and the use of preventive care services has been established [43, 44] . Individuals with a higher educational level are prone to avoid health-risk behaviors and attend preventive healthcare examinations [44] . Moreover, they obtain more preventive care and are more likely to keep their chronic conditions (such as diabetes and hypertension) under control [45] . In the case of settlement type and the county of GMP, which are permanent variables, the variability in the direction of their effects may be caused by frequent changes in legal, funding and organizational environment (e.g., a policy on performance volume limit or patient transport).
Strengths and Limitations
The strength of this study is its use of population-based data, avoiding selection bias in the analysis of the association between characteristics of GMPs and quality of care, which results in the representativeness of our results for the whole population. The continuous data availability allows a regular analysis of different periods without primary data collection.
A limitation of this study was that the educational level cannot be considered as a year-and GMP-specific indicator. The information on education was not available for the investigated year.
Additionally, if more GPs were providing care in one settlement, the same settlement-specific education was considered for each GMP.
Our study is restricted to the existing indicator set available in Hungary, which contains only process indicators for performance assessment. This approach does not allow a comprehensive evaluation of the performance.
Although our analyses were controlled for age, gender, and education-indicated socio-economic status of patients, and for practice size, vacancy, settlement type and regional location of GMP, there were factors contributing to the presented relationship which could not be incorporated in our models.
A further issue regarding the observed associations is the large sample size, which can detect even small effects with limited importance as statistically significant.
Implication of Findings
To provide an overview of PHC system performance, it is important to collect data on healthcare providers and to evaluate their variability [17] . A good indicator can be used to motivate and encourage doctors to change provision habits. However, if the results from performance assessment systems do not lead to direct benefits for GPs, because patient and GMP characteristics cover the positive effects, there might be a loss of interest by providers in the motivational system. Ignoring the complexity of indicators (additional factors at the patient and GMP level) causes inequitable distribution of available resources, leaving remote areas in need of help without compensation. Adjusted indicators are able to precisely measure the personal performance of the provider and also lead to more effective incentives, and more efficient and equitable use of resources at the GP level. Therefore, understanding the difference between non-adjusted (reflecting the needs of patients regardless of their socio-demographic status, and of the working environment of the GPs) and adjusted (reflecting the GPs' personal performance) indicator systems is crucial.
There are suggestions in the literature over standardization of PHC performance indicators for demographic factors, socio-economic and supply conditions [46] . In accordance with this approach, based on the practice of NHS, all Quality and Outcomes Framework payments are weighted by list size and in the clinical domain by disease prevalence [47] . Furthermore, in order to reduce health inequalities in New Zealand via weighting the payment for performance, some indicators are measured individually for "high-need populations", which are rewarded at a higher rate [48] . In Australia, the practice incentive payments are based on practice patient load (including practice size, age, and gender) and rural loading factors (including geographical size of the region and remoteness of the practice) [48] .
Although our findings confirmed that adjustment for patient and GMP characteristics is necessary, further research involving more factors beyond the control of physician is needed to allow for more precise assessment of GPs' performance. There could be other factors at both patient and GMP levels which may contribute to the variability unexplained in our investigation [20] . To ascertain whether and to what extent the individualization of performance-based incentives for low-performing practices results in an improvement in performance can be a direction for future research.
Conclusions
Our study demonstrates that some factors out of the control of GPs (patients' age, gender, education, settlement type and county of GMP) contribute to the variability in performance across GMPs. As a consequence, the crude performance indicators do not give us information about the personal performance of GP in a comparable way. Taking into consideration that the motivation of GPs can be facilitated by presenting them with their personal performance, elimination of the effect of factors beyond the physician's control (patient and GMP characteristics) can be a tool for motivation enhancement.
The poorer the performance of the primary healthcare system in a country, the more important it is to consider the monitoring system based on GP contribution-specific indicators as a resource for PHC development. This kind of indicator could improve the effectiveness of financial incentives as well. 
